Huddling, or clumping behavior, begins in the litter situation and persists throughout the adult life of the rat (Rattus norvegicus). In pups, as in adults, the behavior provides a metabolically important means of reducing heat loss. The sensory stimuli that elicit, direct, and maintain huddling in developing rat pups (5-20 days of age) were studied in a standardized testing situation by using long-term time-lapse video observations. All pups huddled with a single, immobile sibling. A loop of warm tubing also elicited huddling. However, it appears that other, nonthermal cues can elicit huddling, since a dead, ambienttemperature pup was a sufficient stimulus for the behavior. Disruption of normal olfactory input by intranasal infusion of zinc sulfate interfered with the maintenance of contact. In addition, two kinds of tactile stimulus, vertical contours and furry "comfort" cues, as well as photic responses appeared to participate in the mediation of huddling. Huddling in the altricial rat is under multisensory control, although the number of cues used by pups for huddling appears to increase with age.
Pups frequently shift their position, root and burrow into the group, and pile upon one another. If an infant is displaced from the clump by being dragged out on the mother's teat, or if moved by an experimenter, the pup orients and returns to the group (Bolles & Woods, 1964) . The behavioral dynamics of individual pups in the huddle, and of the huddle itself, are described in a related report (Alberts, 1978) .
Huddling is a behavior of considerable importance to the developing rat. Previous work (Cosnier, 1965) and the companion to this article (Alberts, 1978) show that huddling enhances significantly the thermoregulatory capabilities of the pups and reduces their expenditure of metabolic energy. These important physiological consequences of huddling were found to derive from a form of "group behavioral thermoregulation" whereby juvenile rats adjust the exposed surface area of the clump in accord with the ambient temperature (Alberts, 1978) .
Under natural conditions rats leave the maternal nest soon after weaning, but they remain highly gregarious, living in socially active colonies. Huddling persists as a major form of social interaction among all members of the colony. In fact, huddling is so promi-nent in the behavioral repertoire of the Norway rat that Rattus norvegicus is termed a "contact species" (Barnett, 1963) .
Thus, huddling is a lifelong species-typical behavior in the rat, beginning at birth and lasting throughout adulthood. Few behaviors offer such complete continuity. The altricially born rat accomplishes the behavior during the early developmental period in which sensory function is absent in some modalities (e.g., vision and audition) and severely limited in others (e.g., regional tactile sensitivity and olfaction). Thus, the ontogeny of huddling presents an unusual opportunity to make an analysis of a behavior common to developmental stages of disparate sensory capabilities. In contrast to huddling, other early behaviors, such as nursing, alter considerably during this period and in fact disappear.
Previous descriptions of behavioral development in the rat have, of course, included the prominent behavior of huddling (Bolles & Woods, 1964; Small, 1899) , and authors have suggested that it may serve important (but unspecified) social functions (Barnett, 1963; Small, 1899) . Although there has been some attempt to analyze contact behavior in adult rats (Cosnier, 1965; Latane, Joy, Meltzer, & Lubell, 1972) , little is known about the organization, controls, or development of the behavior in immature rats. Cosnier's unpublished studies implicated thermotactile cues as important determinants of the rooting and burying responses of the infant. The present experiments were aimed at examining a variety of stimuli, present in the natural litter situation, that could be used by the developing rat for orientation toward littermates and the maintenance of huddling behavior.
Experiment 1: Quantitative Measurement of Huddling in Standardized Testing Situations
The major objective of Experiment 1 was to establish a paradigm suitable for a systematic analysis of the stimuli that elicit, direct, and maintain huddling behavior in rat pups of different ages. Although the behavioral phenomenon is exceptionally robust and reliable in the natural litter context, it would be desirable to arrange a more controlled stimulus situation which (a) can be easily manipulated for experimental purposes, (b) permits standardized observational measures and quantification, and (c) allows comparisons to be made between pups of various ontogenetic stages.
In this and most of the following experiments, 5-, 10-, 15-, and 20-day-old rat pups were used. These ages span a wide range of stages in the pups' morphological, physiological, and behavioral development. The 5-day-old is almost fetal; it is blind, deaf, hairless, and severely limited in motor ability. The 20-day-old is an advanced weanling, sufficiently developed to maintain itself in isolation from the mother and litter. The 10-and 15-day-old rats provide two additional distinct intermediate stages of development. Readers unfamiliar with general features of ontogenesis of the rat can find useful information in the early writing of Small (1899) and in pertinent sections of reviews by Gottlieb (1971) and Rosenblatt (1965) . The behavior of individual rat pups in a simple, standardized situation was studied. Pups were observed in compartments that contained a single anesthetized sibling. Because Barnett (1963) suggested that "thigmotaxis," the tendency to seek walls and corners, may be related to social contact behavior in the rat, location of the stimulus pup was varied. The anesthetized target animal was placed either against a wall of the observation cage or in the center of the cage, away from the walls.
Method
Subjects. A total of 64 rats were subjects in this experiment. Pups were tested only once, at 5,10,15, or 20 days of age. All pups were born in the Princeton University colony, descendants of Sprague-Dawley rats from the breeding population, or derived from adults purchased from Camm Research, Inc. Three days after birth (Day 0) litters were uniformly reduced to eight pups each and otherwise left undisturbed with the mother in wire-topped plastic maternity cages (23 X 46 X 18 cm). Purina Laboratory Chow and water were continuously available. Eight pups at each age formed the experimental groups.
Observational testing apparatus. Animals were tested in open-topped, rectangular, plywood cages which measured 9 X 18 X 9 cm, 12.5 X 25 X 12.5 cm, 19 X 38 X 23 cm, and 23 X 46 X 36 cm for the 5-, 10-, 15-, and 20-day-old subjects, respectively. The floors were covered with cardboard over which was spread a layer of clean woodshavings mixed with bedding from the pups' home cage.
The testing cages were located in a quiet, temperature-controlled (24 °C) room. A closed-circuit television camera was positioned above the cages, and each session was recorded by a time-lapse videotape system (record, 1.5 fields/sec; playback, 60 fields/sec). Such a record/ playback ratio permitted rapid scoring of the long observational tests without missing the typically longduration huddling behavior.
Scoring. The videotapes were viewed during playback and scored by means of electromechanical counters and timers programmed to record both the number and the duration of huddling bouts with the test stimulus during each hour of the 4-hr observational test.
Huddling was defined as direct body contact (tail excepted) between the subject and the stimulus pup. An approach was defined as any behavior that produced body contact between the subject and test stimulus, regardless of duration. The measure of bouts of huddling (number of approaches with contact/hour) did not distinguish between short interruptions of contact and other, more complete departures in which the subject, for example, moved away from the target stimulus and engaged in activities other than huddling. Consequently, the "approach" measure did not provide a useful behavioral category, and it is, therefore, not considered in detail in most of the results reported below.
To estimate the degree of variability present in the scoring of videotape playback, four observers independently scored a single videotape record of a representative 4-hr test. The values of percentage of time spent huddling, as scored by these individuals, ranged from 70.5% to 74.6%.
In addition to quantified measures of huddling, general behavior patterns and postural orientations, such as orientation to the walls and corners, were also recorded.
Procedure. Stimulus pups were removed from their maternity cage and anesthetized with ethyl carbonate (250 mg/kg, ip). The anesthetized animals were then placed, ventral surface down, either in the center of an appropriate observation cage (Center condition) or against one of the shorter walls of the rectangular compartments (Wall condition).
Subjects were then removed from their maternity cage and introduced into the observation chambers. Subjects in the Center condition (n = 8 at each age) were placed initially in contact with the stimulus pup. Wall-condition subjects were placed in the middle of the cage, oriented perpendicularly to the length of the compartment, so that they were neither facing nor oriented directly away from the target pup. Time-lapse videotape recording was made continuously for at least the next 4 hr.
Results
Rat pups of all ages tested displayed persistent huddling behavior with an anesthetized sibling positioned against the wall of Figure 1 . The right panel of Figure 1 shows the results of the Center-condition groups. Here there was a significant age effect, H(3) = 12.5, p < .01 (two-tailed), with the 5-dayolds huddling for only 22.4% of the 4-hr test and the 20-day-olds spending 82.2% of the test period in contact with the target pup. Placement of the target animal in the center of the chamber profoundly reduced huddling behavior in the younger subjects. Comparisons of time spent huddling in the two testing conditions showed that for the 5-, 10-, and 15-day-olds, huddling was significantly more pronounced in the Wall than in the Center condition (ps < .05, Mann-Whitney U test). Twenty-day-olds did not display a significant increase in the Wall condition, although it is possible that a ceiling effect was imposed by the high values obtained in both conditions.
Discussion
Although the testing conditions employed here were not typical of the normal litter situation, rat pups engaged in huddling for most of the 4-hr test. Thus, it was found that a single, immobile sibling is a sufficient stimulus to elicit, direct, and maintain clumping behavior in the 5-to 20-day-old rat pup.
The striking diminution on huddling produced by placing the stimulus pup in the center of the test cage ( Figure 1 , right panel) suggests that some cues other than those characteristic of rats per se can modulate this behavior, at least in the younger subjects. It is unlikely that age-related differences in sensory capacity or locomotor ability could produce these results. Pups in the Center condition were initially placed in contact with the stimulus animal, whereas pups in the Wall condition were not. Figure 1 shows that more huddling was, in fact, directed at target animals when they were located by walls and therefore had to be localized.
It is probable that in the Center condition, two suitable stimulus arrays for huddling were present, viz., the walls and corners of the chamber, as well as the stimulus animal. In the Wall condition this apparent conflict was reduced, because the target animal was against a wall and near the corners. The behavior of the pups as seen on the video playbacks suggested that this was the case. When pups were not engaged in huddling behavior with the target animals, they were frequently located along the walls and, even more typically, in or near the corners of the compartments. Younger pups, in particular, were observed to orient perpendicularly to the corners and walls of the test cage and appeared to root against these surfaces.
Thus, the position of the stimulus animal with respect to walls and corners is an important determinant of huddling in rat pups, and younger pups seem particularly affected by the presence or availability of thigomotaxic cues in addition to the stimuli present in anesthetized siblings.
Finally, the data from the present experiment indicate that the methods described provide a useful approach for additional, controlled experimentation to examine the stimuli involved in the huddling behavior of the rat pups.
Experiment 2: Heat Cues
By using the methods of the previous experiment, Experiment 2 examined the contribution of thermal stimuli to clumping behavior in rat pups. The presumed importance of heat cues to huddling is based on several considerations. First, heat is an available cue to the rat pup since thermal sensitivity, unlike some other sensory modalities, appears to be functional from birth (Small, 1899) . Second, infant rodents show profound behavioral responses to heat cues; for instance, when placed on a substrate that varies in radiant heat, neonatal mice (Ogilvie & Stinson, 1966) and hamsters (Leonard, 1974) display directed approach behavior toward the warmer regions. Recent work in the^author's laboratory has revealed a similar phenomenon in rat pups (Alberts & Bauer, Note 1) . Cosnier (1965) and Fowler and Kellogg (1975) also demonstrated other temperature-dependent responses in infant rats. Finally, heat cues are relevant stimuli for huddling because they can guide the pup to a situation that augments body temperature defense (Alberts, 1978; Cosnier, 1965) .
The present experiment contains two studies. The first study resembled Experiment 1 except that the stimulus animals were dead and had been cooled to the ambient temperature of the testing environment. The study therefore sought to answer the question, Is heat a necessary cue for huddling? The second study examined huddling responses to an artificial target that possessed a warm surface but lacked other features of the normal, animate stimulus. The question asked by the second study, then, was, Is heat a sufficient cue for huddling?
Method
Subjects. A total of 96 rat pups, aged 5,10,15, or 20 days when tested, were subjects. In addition, 64 littermates of the subjects were used as target animals. Rearing conditions were identical to those in the above experiment.
Procedure. Study 1. Apparatus and procedures for this experiment were identical to those of Experiment 1 except stimulus pups were quickly killed with an overdose of sodium pentobarbital, placed immediately in a refrigerator, and cooled to room temperature (24°C ). The surface temperature of each target pup was checked with a surface probe and telethermometer (Yellow Springs Instruments). The target animal in this study was positioned against one of the shorter walls of the rectangular observation cage, as in the Wall condi-tion in Experiment 1. Data collection and scoring were performed as described in the previous experiment.
Study 2. In this study the target stimulus was a length of warm Tygon tubing, inserted through the test cage walls to form a loop in one corner. The tube was connected to a temperature-controlled, circulating water bath (Labline Model 3050) that was adjusted to maintain the surface temperature of the tube at 37 °C, which is about that of a normal, homeothermic rat. The length of the tubing was scaled to the average size of the subjects in each age group and ranged from 5 to 10 cm. In addition, as a control for nonthermal characteristics of the tube stimulus, a second, ambient-temperature (24°C ) loop of tubing was provided in the corner diagonally opposite the warm tube.
Pups were placed in the middle of the test cage at the beginning of the test session, oriented with their body axis perpendicular to the length of the cage and therefore not directly facing either stimulus. Data were used only from sessions that pups sampled, i.e., approached and contacted both stimuli during the first hour of the 4-hr test.
A preference score for the warmer of the two target stimuli was derived for each pup by calculating the time spent with the warm tube/time spent with the warm tube + time spent with the cool tube X 100. This procedure has the advantage of minimizing age-related differences in absolute time spent huddling, and it allows a more sensitive comparison of the thermal preferences of the pups to be made across ages.
Results

Study 1.
When a single ambient-temperature sibling was the target stimulus, 5-day-olds huddled for less than 10% of the session. There was a dramatic age-related increase in time spent huddling with an ambient-temperature stimulus pup, H(3) = 27.5, p < .001, as can be seen in the left panel of Figure 2 .
Study 2. The right panel of Figure 2 shows the time spent huddling with a loop of warm tubing. As can be seen in the figure, the warm tube stimulus elicited huddling from all age groups, although there was again a significant age effect in the total amount of huddling observed, H(3) = 10.2, p < .05.
Pups in Study 2 could huddle with either a warm or an ambient-temperature loop of tubing located in opposite corners of the test cage; this procedure permitted calculation of preference scores for the warm versus ambient-temperature stimulus. By measuring the relative preference for one stimulus during the total time spent huddling, the ratio score minimizes differences between age groups, such as motor capability or fatigue. It is interesting that when this measure was applied to the results of Study 2, the median preference values for the warm tube ranged from 87.5% to 97.5%. There was no significant age effect, H(3) = 3.9, p > .20.
Discussion
Together, the results of the studies constituting this experiment indicate that heat cues are sufficient but not necessary for the elicitation and maintenance of huddling behavior in the rat pup. However, in the absence of radiant heat from the body of the target animal, 5-day-olds showed practically no contact behavior. This suggests that heat may be a particularly critical stimulus for huddling in the young rat pup whereas older pups (15 days of age and older) may be more responsive to other, nonthermal cues.
In Study 1, a dramatic age-related increment in huddling appeared between Day 10 and Day 15 (Figure 2 , left panel). It is impossible, unfortunately, to judge from this study whether this increase in huddling with an ambient-temperature sibling is due to maturational changes in the subjects (e.g., sensory or motor development) or whether it is primarily related to parallel age-related changes in the stimulus characteristics of the target pups. Nevertheless, it is clear from these data that there are stimuli other than heat that are sufficient to elicit and maintain huddling.
Study 2, like the work of Cosnier (1965) , showed that heat cues alone are sufficient to elicit and maintain contact responses in the rat pup at all ages. A single loop of smooth, warm plastic tubing was sufficient to attract and maintain stereotyped contact responses by rat pups for the 4-hr test. Randall and Campbell (1976) recently reported similar results in 15-day-old rats.
These studies indicate that although heat is generally an effective stimulus for huddling, there are other, nonthermal determinants of the behavior. This point was made most strongly by the finding that 15-and 20-day-old pups huddled readily with dead, ambient-temperature siblings.
Experiment 3: Olfactory Cues
The finding that rat pups huddle with a variety of stimuli, including ambient-temperature animals and inanimate objects (Experiment 2), suggests that sensory control of huddling behavior is complex and involves more than attraction to sources of heat. Experiment 3 was undertaken to evaluate the possible role of olfaction in huddling.
Remarkably little is known about olfactory development in the rat, but sufficient data are available for one to assert that rat pups are sensitive to airborne chemical stimuli soon after birth and that within the first 2 wk of life pups can discriminate among a variety of odors and appear to use olfactory cues for many important behaviors (Alberts, 1976; Cheal, 1975) . Latane et al. (1972) concluded that olfactory cues were unimportant for "gregariousness" in adult rats. Their conclusion, however, was based on the use of a procedure designed to anesthetize temporarily the olfactory mucosa. This technique may not have been effective, and the presumed olfactory deficit was not adequately confirmed (Alberts, 1974) . The possibility remains, therefore, that olfaction is involved in some aspects of clumping in rat pups, e.g., attraction to siblings, or maintenance of the clump once contact has been made. The contribution of olfaction to huddling was investigated in this experiment by disrupting the pups' sense of smell and observing their behavior in a standardized test situation.
Method
Subjects. Four pups from each litter served as subjects and four pups were used as target animals. In all, 128 Sprague-Dawley rat pups from 18 litters were subjects. Pups were 5,10,15, or 20 days old when tested.
Procedure. Anosmia was induced by intranasal zinc sulfate treatment according to the procedure described by Alberts and Galef (1971) , modified for rat pups of different ages. Briefly, rat pups, aged 9,14, or 19 days, were etherized, and a small hooked catheter (23 ga., 2.1, 2.5 X 3.5 mm hook) was inserted into the posterior nasal cavity so that solutions injected through the catheter filled the nasal cavity and drained out the nostrils.
It is difficult to insert and retract these metal catheters reliably in neonatal pups. Therefore intranasal solutions were administered to 4-day-olds through the external nares. The etherized pup was placed on its back, with the head inclined downward. A short length of polyethylene tubing (.24 mm OD) was inserted into one naris, and the solution was injected slowly into the nasal cavity to drain out the other nostril. Simultaneously, excess solution was removed from the rear of the pup's mouth with a vacuum pump aspirator attached to a blunt 16-ga. needle, mounted on a ring stand and angled into the pup's mouth. Solutions were colored with food dye to facilitate visual control of the treatment. Two rat pups from each litter receiyed intranasal treatment with isotonic zinc sulfate (7.65%), and two pups were treated identically with isotonic saline (.15 M) to control for effects of anesthesia, handling, and the intranasal douche.
Anosmic rat pups do not nurse normally (Alberts, 1976; Singh, Tucker, & Hofer, 1976) ; for the purpose of avoiding differential food deprivation effects between anosmic and control subjects, all treated pups (experimental and control) were placed with a nonlactating, maternally responsive "foster mother" after recovering from anesthesia. Foster mothers were virgin female rats, induced into a behaviorally maternal state by the method of Rosenblatt (1967) . Foster mothers provided heat, stimulation, and other components of motheryoung interactions, but they, of course, did not supply milk. Pups were tested the next day, approximately 18 hr posttreatment, when 5,10,15, or 20 days of age.
The testing procedure from Experiment 1 was adapted for this study, using stimulus conditions that yielded moderate amounts of huddling. Thus, for 10-, 15-, and 20-day-olds a live, anesthetized stimulus pup was placed in the center of the cage, and for 5-day-olds the anesthetized sibling was positioned against one short wall of the observation chamber.
After the 4-hr observational test, pups were weighed and returned to their own (lactating) mother for 24 hr and then reweighed. Weight gain decrements relative to littermate saline-control pups were taken as an indication of an olfactory deficit. Pups that did not show a posttreatment weight gain decrement were discarded.
Videotape records were scored in the standard manner described above.
Results and Discussion
Percentage of time spent huddling by zinc sulfate-treated (anosmic) 5-day-old rat pups did not differ from litter control pups given intranasal saline treatments (U = 32, p = .52). In contrast, significantly less huddling was displayed by anosmic 10-, 15-, and 20-day-olds relative to littermate controls (ps = .002, .002, .038, respectively). These results are illustrated in Figure 3 .
The efficacy of the zinc sulfate treatment was confirmed by the posttest nursing measures. It was found that pups receiving intranasal zinc sulfate treatments lost or did not gain as much weight as saline controls after 24-hr access to their mother. This was taken as confirmation of an effective olfactory deficit in the pups, since it has been shown that normal olfactory function is necessary for efficient nursing in rat pups (Alberts, 1976; Hofer, 1976; Singh et al., 1976) .
The disruption of huddling found here was not due solely to the pups' inability to locate the stimulus pup because the sessions began by placing subjects in contact with the anesthetized target animal. Furthermore, the anosmic pups reliably approached and contacted the anesthetized stimulus animals during each hour of the 4-hr test. Thus, under the present conditions at least, normal olfactory input does serve to maintain huddling among pups.
The present data do not clarify the role of olfaction as a distance-orientation cue which may be used by pups to return to the huddle if displaced. Bolles and Woods (1964) suggested this possibility, which is generally supported by the finding that rat pups orient and approach various nest-related odors (Gregory & Pfaff, 1971; Leon & Moltz, 1971; Nyakas & Endroczi, 1970 ).
It appears from this experiment that after Day 10, olfactory cues become involved in huddling behavior, particularly for the maintenance of contact. However, it is important to note that in this study the cues available to the pups were subnormal relative to natural conditions. Only a single anesthetized sibling was present for huddling rather than an entire litter of pups. The normal stimulus situation would provide more and stronger cues. Thus, while the present experiment indicates that disruption of normal olfactory input can attenuate huddling, it does not demonstrate that olfactory cues maintain aggregations in the natural situation. Under more natural conditions there are undoubtedly many cues that maintain the clump, and some of these must be nonolfactory.
The absence of a zinc sulfate effect in the 5-day-olds was striking and suggests that for these pups other stimuli (e.g., tactile and thermal cues) may be more salient for huddling than are olfactory cues. Nevertheless, at this early age olfaction is used in other forms of orientation and behavior, such as nipple location, nursing (Alberts, 1976; Teicher & Blass, 1976) , and possibly home orientation (Alberts & Bauer, Note 1) .
In the earlier experiments, the location (wall vs. center of cage) was a more powerful determinant of huddling for the younger than for the older pups. It remains unclear whether the apparent differences in olfac-tory control of huddling reside in the pups' ability to perceive and respond to such cues or whether the difference is related to the olfactory characteristics of other pups during development. It is possible, for example, that the strength or quality of the 5-day-old rats' odor is itself an insufficient stimulus for huddling.
Experiment 4: Tactile Cues
Tactile stimulation is derived invariably from huddling, so it is essential to ask whether huddling behavior involves responses to specific tactile cues. Harlow's (1958 Harlow's ( , 1959 Harlow's ( , 1962 historic work on the development of affectional systems in rhesus monkeys indicated that certain tactile stimuli elicit apparently "innate" responses and these in turn provide stimulation that contributes substantially to normal development. Young rhesus monkeys, like rats, display persistent contact behavior toward other monkeys ("clinging" in monkeys, "clumping" in rats) or models, particularly those with soft furry surfaces. From these studies emerged the concept of "contact comfort" as an innate reinforcer. Harlow's (1959) experiments with "surrogate mothers" suggest that the normal mother possesses tactile characteristics that are themselves reinforcing to the infant monkey and are effective independent of their association with the mother herself, or even with nutritive reinforcement.
The present experiment examined the efficacy of an artificial furry object as a stimulus for clumping in rat pups. Because of the qualitative resemblance to Harlow's soft tactile surfaces, the properties of this target stimulus are referred to as "comfort cues."
Method
Subjects. For this experiment, 48 Sprague-Dawley rat pups were used. Pups were born in the Indiana University colony, derived from stock purchased from Laboratory Animal Supply, Inc. Rearing conditions were as described in Experiment 1. Sixteen pups were tested at 10,15, or 20 days of age. Five-day-olds were not used in this experiment because the rat pup lacks fur during the first neonatal week and, therefore, for the 5-day-old, furriness cues are not representative of the normal litter situation.
Procedure. Pups were placed in the standard testing chambers which contained, against one of the shorter walls, a sibling-sized block of brass which had been wrapped in the soft acrylic "pelt" of a toy rabbit. The nap of the artificial fur was approximately 4 mm in length. For control of the contribution of general contextual cues presented by the fur-wrapped blocks, control groups for the three ages of pups used in this experiment were run. In the control condition, testing was identical except that the metal blocks were encased in the pelt of the toy rabbit with its smooth surface exposed. The targets provided similar olfactory, contour, and visual stimuli but differed mainly in the availability of "contact comfort" from the fur. Observational tests and scoring were the same as described above except that for this study, trials were begun with the subject placed in contact with the target stimulus.
Results and Discussion
Rat pups displayed more contact behavior with a furry target stimulus than with a similar but smooth target. Time spent huddling by 10-, 15-, and 20-day-olds was significantly longer in the test with the furry stimulus. The 10-and 15-day-olds huddled respectively, for 90.2% and 92.9% of the time with the furry target. Although the 20-dayolds huddled with the furry stimulus for only 45.2% of the test, this was nonetheless a significant preference compared with their littermates which huddled for only 2.0% of the test with the smooth target. All differences were statistically significant (pa < .01).
In young rats, as in immature dogs (Jeddi, 1970) , cats (Rosenblatt, 1971) , monkeys (Harlow, 1958) , and humans (Jeddi, 1970) , furry or soft tactile stimulation appears to provide some form of contact comfort (see also Cosnier, 1965) . The cues of furriness appear to be sufficient to maintain huddling behavior in rat pups for substantial periods of time-more than 90% of the 4-hr test in the testing situation used here.
It is probably impossible to create a testing situation that can isolate individual stimulus dimensions. Pilot studies for the present experiment make this point well. A variety of target stimuli intended to provide furriness cues sufficient to elicit significant amounts of huddling failed to do so (Alberts, 1974 (Alberts, , 1976 . Ineffective furry targets included the skin of a rat pup stuffed with cotton, a plastic cylinder wrapped in rat fur, and blocks of metal wrapped with a furry polyester fabric. It now appears that the lack of mass or the inertia of some of the furry targets and/or the presence of aversive olfactory elements may have obviated the attractive tactile features the stimulus objects possessed. Experimental preparations, like the natural situation, contain constellations of interrelated stimuli, many of which defy experimental isolation.
The actual sensory mediation of the cues of contact comfort remain unclear. It is likely to be cutaneous, of course, but the attraction of furry surfaces for huddling may be the softness of the fur, the localized warmth normally provided by any furry surface, or both.
There are also other possible kinds of tactile cue available with the clump, other than furriness cues, which may contribute to huddling; for instance, rooting and huddling against the walls and corners of the test cage, noted earlier, as well as the generally thigmotactic "wall-seeking behavior" of the rat (Patrick & Laughlin, 1934) appear to reflect nonsocial responses to sources of tactile stimulation which may be integral to the normal expression of clumping (Cosnier, 1965) . Overhead tactile stimulation, which would result from being beneath bodies in the clump, could be another effective cue for huddling.
Experiment 5: Light Cues
Huddling pups can be seen to root and thrust themselves beneath the other bodies in the clump. This aspect of the behavior suggests that an additional determinant of huddling behavior, at least in the laboratory, may involve a negative-photic response by the pups. Adult rats prefer dark environments, and it is likely that pups share this preference. Anatomical and physiological evidence suggests that altricial rodents, including rats, can perceive light well before normal eye opening (see Gottlieb, 1971) . In the present experiment, pups were given the opportunity to move out of overhead light by positioning themselves beneath a black shelf. Normal overhead room illumination was used since this is the source and intensity of light to which domesticated rats are exposed.
Method
Subjects. Pups 5, 10, 15, and 20 days of age (n = 8/group) were tested in this experiment.
Procedure. The standard observation cages used in the previous experiment were modified for this experiment. Two 1.5-mm Plexiglas shelves were added to each cage. The shelves were as wide as the chamber and approximately as deep as the pups' body length (nose to base of tail). One shelf was black Plexiglas, the other clear. The second shelf was added to control for possible effects of reflective heat savings which might develop with a pup positioned beneath the shelf. The Plexiglas was adjusted to twice the height of the pup so that no tactile cues were derived.
Pups were tested individually according to the standard observational and scoring procedure. Time spent under each of the shelves was scored as described above, and a preference measure was calculated as in Experiment 2.
Results and Discussion
There was a significant age effect in preference for staying beneath the dark versus the light overhead shelf, H(3) = 6.6, p < .05. Dark preference was displayed fully by all 15-day-olds, including those whose eyes were incompletely open or with just one eye unsealed.
For laboratory rats the characteristic negative responses to room illumination appear to correlate with eye opening. These data do not support the suggestion that the burying behavior observed in the clump is primarily a negative-photic response, at least in pups less than 15 days of age.
General Discussion
The foregoing experiments addressed the question of "how" rat pups huddle. The results of these studies revealed that huddling in the developing rat is under multisensory control. No single sensory cue was necessary, though several were sufficient to elicit and maintain huddling. Thermal stimuli, olfactory input, contact comfort (furriness) and other tactile cues, and the attenuation of light all participate in the control and expression of huddling. Auditory and movement cues were not investigated; it is possible that they also are involved in the behavior.
The ontogenetic changes in the sensory controls of huddling found in these experiments reflect to a remarkably small degree the radical development in sensory capacity displayed by the rat pups' behavioral repertoire. The limited alternative response options available in the simple testing situation may have obscured differences in the strength of different huddling stimuli. Additional experimentation is required to measure the relative importance of the various cues sufficient for huddling as well as possible changes in their efficacy during development.
Nevertheless, there was some indication that the range of cues used for huddling by pups increases with age. In particular, olfactory input appeared to become increasingly important during the second week (Experiment 3). Light cues were of no measurable consequence until the time of eye opening. There was also some indication that younger age groups were especially influenced by thermal cues (Experiment 2, Study 2) and that the oldest pups were least influenced by tactile stimuli (Experiment 4). The certainty of these conclusions, however, is limited by the stimulus conditions used here. In the thermal and olfactory experiments (3 and 4), for example, stimulus animals were age-mates of the subjects; thus, in these studies two ontogenies were present: the characteristics of both the subject and the stimulus animal changed with age.
The general methodology used in the present research provides an approach to long-term quantitative observations of behavior in a controllable testing situation. These methods can be applied to further analysis of the problems posed from this research and can be adapted to other investigations which might require reliable, quantifiable responses from untrained neonates.
It can be concluded, tentatively at least, that the sensory controls of huddling increase ontogenetically. Despite the role of huddling in body temperature regulation by rat pups (Alberts, 1978) , sensory cues other than heat appear to be used by the developing pup for orientation and maintenance of the clump. The breadth of the sensory controls of huddling no doubt ensures that this multidimensional behavior will be expressed reliably by the developing litter and provide a context for ontogenetic events of immediate and future significance to the developing rat.
